Background. Community-associated methicillin-resistant Staphylococcus aureus (MRSA) infections and outbreaks occur in correctional facilities, such as jails and prisons. Spread of these infections can be extremely difficult to control. Development of effective prevention protocols requires an understanding of MRSA risk factors in incarcerated persons.
ments, and aging and deteriorating housing structures [13, 14] . In addition, the inmate population contains a disproportionate number of people who are homeless, have substantial health conditions (eg, human immunodeficiency virus infection, hepatitis B virus infection, or hepatitis C virus infection), have mental health comorbidities, and/or have a history of illicit drug use [15, 16] . Many incarcerated individuals move in and out of correctional facilities, potentially facilitating the transmission of CA-MRSA between the facilities and outside communities, as seen with other infectious diseases [17, 18] . With an estimated 2.3 million incarcerated persons in the United States, with 700,000 admissions and 700,000 releases annually [19, 20] , the potential for MRSA spread to and from jails and prisons remains high.
Since the initial reports of CA-MRSA infection in 2002 [21] , the Los Angeles (LA) County Sheriff's Department (California), in cooperation with the LA County Department of Public Health, has made efforts to control CA-MRSA in the LA County jails. These efforts include increasing surveillance, standardizing treatment protocols, increasing access to showers and soap, increasing education about MRSA, increasing the distribution of clean laundry, and enhancing environmental cleaning. Despite these efforts, CA-MRSA infections continue to occur. In 2005, the incidence of MRSA infection among male inmates was 13.8 cases/1000 admissions to the LA County jail facilities [22] . To better understand what contributed to spread and the potential effect of interventions, we conducted a case-control study to identify the risk factors for CA-MRSA colonization and infection at the LA County jail facilities.
METHODS

Study population.
This investigation took place in 2 LA County Sheriff's Department jail facilities for men from October 2006 through January 2007. These were the Twin Towers and the Men's Central Jail, a subset of which are numbered blocks that are dormitory-type units. The Men's Central Jail is the largest jail facility in the United States. The LA County jail system houses an estimated 18,300 inmates daily and has a mean duration of incarceration of 45 days. Most inmates are awaiting adjudication or sentencing; those who receive sentences of 11 year are sent to state prisons.
To enroll case patients with acute MRSA infection, nurses at the jail notified research personnel of patients in the medical clinic with skin infection before or within 24 hours of beginning antibiotic therapy. Patients were excluded if they were housed in a high-security area, were unwilling to participate, did not have a draining or drainable wound, or had taken antibiotics in the previous 21 days. Patients were considered to be case patients only if they had a culture-positive MRSA skin infection. Control subjects were clinic patients who were being evaluated for a reason other than a skin infection or inmates trusted at the clinic (eg, assisting medical staff). Initially, case patients and control subjects were to be enrolled in a 1:1 ratio in sufficient numbers to have 180% power (a p .05) to detect a 20% difference (10% vs 30%) in colonization prevalence between groups. However, final study enrollment was based on available resources.
Written consent was obtained from all participants, and subjects were given a $10 credit to their inmate account to compensate them for their time. This study was conducted in accordance with the policy for the protection of human research subjects of the Los Angeles Department of Public Health and the University of California, Los Angeles. The study was also reviewed and approved by the LA County Sheriff's Department.
MRSA risk factor survey. A standardized survey of MRSA risk factors was administered to participants through the use of an MP3 player. Subjects listened to questions through headphones and wrote answers on a response sheet that contained answer choices (but did not reiterate questions). This method was used to enhance confidentiality and to address concerns of low literacy among inmates [23] . The survey incorporated items used by the LA County Department of Public Health and previously published MRSA epidemiologic investigations [24, 25] .
Microbiologic and molecular studies. Cotton-tipped swabs were used for obtaining wound samples for S. aureus culture from the patients with skin infection. Anterior nares swab samples for S. aureus culture were obtained from the patients with skin infection and the control subjects. Swab samples were transported immediately to the clinical microbiology laboratory and plated onto mannitol salt agar to identify S. aureus. All isolates were incubated aerobically for 48 hours at 35ЊC and then determined to be MRSA using BBL CHROMagar plates (Becton Dickson). Antimicrobial susceptibility testing was performed by broth microdilution, in accordance with the standards of the Clinical and Laboratory Standards Institute [26] .
We typed all recovered S. aureus isolates. Isolates were inoculated into 2 mL of lysogeny broth and grown overnight at 37ЊC. The genomic DNA was then extracted using a DNeasy Kit (Qiagen, Cat. No. 69506). A polymerase chain reaction assay was used to test for the presence of pvl and mecA genes, as described elsewhere [27, 28] . Pulsed-field gel electrophoresis (PFGE) was performed; data analysis used GelCompar software (Applied Maths), in accordance with established methods [29] . A reference database from the Centers for Disease Control and Prevention that contains the patterns of USA strains was used to assign the PFGE types [29] .
Statistical analysis. Data were analyzed using SAS, version 9.1.3 (SAS Institute). Bivariate analysis was used to examine associations with potential MRSA skin infection risk factors from the questionnaire. Bivariate analysis was assessed by calculating odds ratios (ORs), 95% confidence intervals (CIs), and While in jail Received a tattoo 10 (6) 3 (5) 7 (7) 0.71 (0.18-2.9)
.75 Received an injury to skin 34 (22) 11 (19) 23 (24) 0.74 (0.33-1.7)
.46 Popped own boil or sore 47 (29) 33 (55) 14 (14) 7.7 (3.6-16.4) in the bivariate analysis were P р .10 included in a multivariate logistic regression analysis. Multivariate modeling procedures [30] were performed to predict MRSA skin infection. Multicolinearity for the logistic regression model was assessed by condition indices and variance decomposition proportions. Backwards elimination was performed using the Likelihood Ratio test to find the best model. Models were examined for goodness of fit using the Hosmer-Lemeshow statistic. All variables were considered significant at the P p level. Similar statistical analyses were performed for the .05 MRSA nasal colonization analysis.
RESULTS
Ninety-five (98%) of 97 patients with acute skin infection consented to participate in the study. Of the 95 patients with acute skin infection enrolled, 32 were excluded from the analysis because the wound isolate was not culture-positive for MRSA (6 cultures grew methicillin-susceptible S. aureus and 26 had no growth). Two patients were excluded from the analysis because of missing specimens. One other patient was excluded from analysis because he refused to fill out the survey. Therefore, a total of 60 case patients with MRSA infection were identified. Of 102 potential candidates approached to be control subjects, 100 were enrolled. The remaining 2 candidates were ineligible because they had received antibiotics in the previous 21 days. There were no significant differences between case patients and control subjects regarding demographic characteristics, comorbidities, or health care exposures (Table 1) . MRSA colonization was found in 21 case patients (35%) and 11 control subjects (11%) (OR, 4.5; 95% CI, 2.0-10.0;
). P p .002 Factors associated with MRSA skin infection. In the bivariate analysis, 11 factors were associated with MRSA skin infection ( ) (Table 1 ). In the multivariate logistic re-P ! .05 gression model (Table 2) , variables significantly associated ( ) with MRSA skin infection included MRSA coloni-P ! .05 zation of the nares, lack of college education, not having heard of "Staph" before enrolling in the study, having another skin infection in the previous 3 months, not showering daily in the jail in the previous week, sharing soap with other inmates, and lack of contact with a health care worker in the 3 months before jail entry.
Factors associated with MRSA nasal colonization. In the bivariate analysis (Table 3) , MRSA nasal colonization was associated ( ) with current MRSA skin infection (ie, being P ! .05 classified as a case patient), having been in jail р30 days, popping one's own boil or sore, having touched another's boil or sore while in the jail, not showering daily in the jail in the previous week, not receiving newly cleaned underclothing at у2 times in the previous week, having received antibiotics or Banding patterns determined by pulsed-field gel electrophoresis (PFGE) and a dendrogram showing the genetic relatedness of methicillinresistant Staphylococcus aureus (MRSA) isolates recovered from inmates in the study. Case 1 represents a pair (1 nares isolate and 1 wound isolate) that were 96% similar but not indistinguishable (1 band deletion). All other inmates with paired nares and wound isolates (eg, case patients 2, 3, and 4) had indistinguishable isolates in the pair. USA300-0114 represents a reference strain. Controls 1, 2, and 3 represent PFGE patterns from MRSA isolates recovered from inmates with nasal colonization but without skin infection; these isolates were indistinguishable from the reference strain.
having had surgery in the previous 12 months, and having resided in a group facility or having been jailed in the 12 months before current jail entry.
In the multivariate logistic regression model (Table 4) , MRSA nasal colonization was significantly associated ( ) with P ! .05 current MRSA skin infection, receipt of antibiotics in the previous 12 months, and not showering daily in the jail in the previous week.
Microbiologic and molecular analysis. The antimicrobial susceptibility of the 92 MRSA isolates (60 case wound, 21 case nasal isolates, and 11 control nasal isolates) is shown in Table  5 . Seventy-two isolates (78% of 92) were recovered from the Clinical Microbiology Laboratory. Of these 72 isolates, 50 were from the wounds of case patients and 22 were from the nares of case patients and control subjects. Remaining isolates were either lost or could not be subcultured after storage. All of the MRSA isolates tested contained SCCmec IV and had antibiotic susceptibility profiles typical of CA strains known to be circulating in LA County (Table 5) [25, 29, 31] . All 72 MRSA isolates were the USA300 strain by PFGE. Thirty-eight (53%) of the 72 isolates were indistinguishable from the LA County USA300 clone (all PFGE bands matched using the analysis software). There was very little variation among the isolates. All strains tested for pvl demonstrated its presence.
MRSA wound and nasal isolates from the same individual were available for 15 case patients. All but 1 pair of wound and nasal isolates were indistinguishable clones (ie, for 14 of the 15 case patients). The 1 pair in which the wound isolate and nasal isolate were distinguishable had a single band deletion (Figure 1) .
DISCUSSION
To our knowledge, our investigation is the first case-control study investigating risk factors for MRSA skin infection and MRSA nasal colonization of jail inmates. Other investigations of MRSA in jails have focused on comparisons between MRSA infections and methicillin-susceptible S. aureus infections [32] and on circulating strains [33] . To identify potential MRSA risk factors that may be amenable to prevention efforts, we compared persons with and persons without MRSA infection. We found that in multivariable analysis, MRSA infection was associated with many preincarceration factors, such as lack of college education, not having heard of Staph, lack of contact with a health care worker in the previous 3 months, and having had a skin infection in the previous 3 months. These findings suggest that characteristics of the inmates that were immutable at the time of incarceration placed the person at risk for MRSA infection.
We also found 3 factors that were amenable to intervention within the jail: not showering daily in the jail in the previous week, not having heard of Staph, and sharing soap with other inmates. Identification of these factors suggests that there are some behaviors in jail that, if modified, may decrease MRSA infection risk. Increased access to daily showers, availability of liquid soap, and education about Staph all may be target interventions within the jail for prevention of MRSA infection. Similar to investigations in a prison population and a football team, we found that soap sharing and decreased frequency of showers were associated with MRSA infection [9, 31] . In 1 study, participants who reported sharing soap with other inmates had a 5 times greater likelihood of MRSA skin infection.
Efforts to encourage hygiene in incarcerated persons should be promoted. These efforts may include regular access to showers and provision of liquid or gel soaps or increased access to individual soaps to discourage sharing bar soap. Frequent uniform and towel laundering also may be key prevention components, although the association between MRSA and the frequency of receiving clean undergarments, seen in bivariate analysis, was not seen in multivariable analysis. MRSA screening and decolonization of incoming inmates may be a target of future investigation, given the high MRSA colonization rates among noninfected inmates. To better understand the transmission and pathogenesis of CA-MRSA within the jail setting, it would be necessary to conduct a prospective longitudinal investigation tracking the colonization and infection status of incoming inmates.
Educating inmates about Staph has been an intervention used by jail staff. The inverse relationship between MRSA infection and having heard of S. aureus suggests that educational efforts at the jail about Staph (MRSA) infection and prevention may have been successful. Although the exact mechanism by which knowledge about Staph is potentially protective against MRSA is unclear, knowing what Staph is may have led inmates to adopt habits to prevent this infection. Several other investigations have found that patient knowledge can be successful in changing behavior and improving outcomes [34, 35] . In fact, of the inmates who had heard about Staph, most heard about it from Sheriff's Department staff or jail flyers (data not shown), suggesting that these educational messages were successfully transmitted to inmates.
We found that the MRSA isolates available for typing were very similar to isolates that were causing infection in the LA County facility 4 to 5 years earlier [21] . It should be noted that the CA-MRSA isolates found in the nonincarcerated LA County population are of the same strain. In fact, in surveys conducted in Los Angeles several years before this investigation, USA300 caused 92% of CA-MRSA infections presenting to a single medical center [25] and approximately half of health care-and hospital-onset MRSA-associated skin infections [25, 36] .
Because MRSA is endemic in LA County, the LA County jails go above the minimum standards for detention facilities mandated by the State of California [37] . Despite these efforts, there continued to be new cases of CA-MRSA infection during the study period. Other correctional facilities also have had challenges controlling MRSA infection. We also found a relatively high prevalence of MRSA nasal colonization among those who did not have a MRSA skin infection (11%). This prevalence of colonization found in noninfected patients may represent the high-risk population of incarcerated persons (eg, with high rates of illicit drug abuse and homelessness) rather than incident colonization during incarceration. We should note that MRSA nasal colonization in case patients may follow infection that occurred by means of skin-skin contact, and hence infection may have preceded nasal colonization [38] . Alternately, colonization may have preceded infection [38] . Our cross-sectional study design cannot assess directionality.
Because of the high-risk behaviors of some incarcerated individuals and because MRSA is endemic in LA County, we hypothesized that some people from the community come into the jail facilities already colonized or at risk for a skin infection. The "having been in jail for р30 days" variable suggests that many of the people at risk for a skin infection may have been at risk before entering the facility. Although this variable was significant in the bivariate analysis, it was not significant in the multivariate analysis. Longitudinal studies following a cohort of inmates from admission to release are required to fully examine incident infection and colonization.
The arguably low prevalence of nasal colonization in acutely infected persons (35%) may be due to the lack of sensitivity of sampling, because only the anterior nares were sampled and not other body sites, such as the inguinal area or throat [39, 40] . Conversely, it may suggest that the pathogenesis of CA-MRSA is distinct from health care-associated MRSA and involves transmission from fomites or other persons [38, 39] .
There are limitations to the study. It is possible that selection bias occurred with enrollment of both case patients and control subjects. Patients who were housed in the high-security incarceration areas or who were unwilling to speak to research personnel were not approached for the investigation. This enrollment technique may select for patients who are not representative of the underlying population. In addition, our control population was a convenience sample. However, because of logistic reasons brought about by the complex infrastructure of the jail, selection of a matched control population was unfeasible. Control subjects could have had a skin infection previously and may have developed a skin infection after taking part in the study, which may have resulted in misclassification of disease state for a few control subjects. However, we attempted to minimize this bias by excluding potential control subjects who had received antibiotics in the previous 21 days. Furthermore, misclassification bias of control subjects is independent of the main exposure (MRSA colonization) and results in bias toward the null hypothesis, so this bias may underestimate differences that we found between groups. There also may have been a reporting bias among inmates with skin infection in reporting poor sanitary conditions and inadequate clean laundry supply, because inmates may have felt pressure to respond "appropriately."
There are strengths to our investigation. To our knowledge, this is the first case-control study to investigate both MRSA colonization and infection among an incarcerated population. Because of the relatively large number of inmates enrolled, we were able to perform multivariate logistic regression analysis to assess the complex relationship of risk factors associated with MRSA colonization and infection. Another strength is that we used MP3-administered surveys to lower reporting bias. Responses were provided on answer sheets that did not display written questions, enhancing confidentiality.
In summary, we examined risk factors for CA-MRSA colonization and infection in a large jail facility. The populations and conditions inherent to correctional facilities make control of CA-MRSA especially challenging. Our findings pave the way for further study. Further investigation is needed to better understand the transmission and pathogenicity of CA-MRSA within closed environments. Such knowledge will be critical in selecting key areas in which to invest resources to end the transmission of the pathogen in these closed populations.
